Preparation of alginate particles
Sodium alginate (10 mg) was dissolved in 1 mL PU-DOS nanosphere stock solutions (SD-PEG4, SD-C1, SD-C18). 1.0 g CaCl2 was dissolved in 100 mL milli-Q water. Disposable syringes (1 mL, NORM-JECT®) were used to make alginate particles by dropping emulsion contained sodium alginate solution to CaCl2 solution. 5 alginate particles were prepared for each kind of SD-based sensor.
Instrumentation
Fluorescence signals were measured with a fluorescence spectrometer (Fluorolog-3, Horiba Jobin Yvon) using disposable cuvette. Fluorescence intensity was recorded at the wavelength of 600 nm. The emulsion fluorescence response measurements were performed by adding known aliquots of corresponding potassium solutions.
Alginate particle photos were taken with a digital camera (Canon EOS 5D Mark II, Lens: Canon EF f/2.8L 100mm Macro IS USM)
The size and ζ-potential of the particles were measured on ZetaSizer Nano ZS (Malvern Instruments) at 25 °C.
1 At least 3 measurements were carried out for each data point.
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Supplementary results (Figure S1-S4 and Table S1-S2) Figure S1 . a) Normalized excitation and emission spectra of SDs in EtOH. b) Normalized excitation and emission spectra of SD-C1 in different solvents. c) Images of cuvettes with SD-C1 in acetone, THF and CH2Cl2. Figure S2 . Fluorescence response for the emulsion sensors fabricated a) with or b) without PVC. Standard deviations were calculated from three parallel experiments. General procedure for the synthesis of SD-PEG4, SD-PEG2, SD-C4, SD-C18 Scheme S1. Synthesis of the SDs (SD-PEG2, SD-PEG4, SD-C1, SD-C4, SD-C18).
2-((4-Formylphenyl)(methyl)amino)ethyl 4-methylbenzenesulfonate (2) A solution of 4-[(2-hydroxyethyl)(methyl)amino]-benzaldehyde 1 (5 g, 27.9 mmol) and Et3N (5.75 mL, 36.5 mmol) in anhydrous CH2Cl2 (200 mL) was stirred for 10 min at room temperature. TsCl (7.95 g, 41.9 mmol) was then added to the mixture and stirred at room temperature for 3 days. The reaction mixture was washed twice with water and twice with brine. The organic phase was dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by silica gel column chromatography using gradient elution with ethyl acetate/hexane (1:2 to 2:1) as the mobile phase. The desired product 2 was obtained as a yellow solid (7.2 g, 78% yield). NaOH (0.5 g, 12.5 mmol), diethylene glycol (1.16 mL, 12.0 mmol), 2 (1 g, 3.0 mmol), tetrabutylammonium chloride (TBAC) (0.08 g, 0.3 mmol) and activated molecular sieves (4 Å, 10 pellets, dia.: 1.6 mm) was added to the dry CH3CN (40 mL). The mixture was then heated to reflux for 24 h. After cooling to room temperature, the suspension was filtered, and the solvent was removed by evaporation. The residue was purified by flash silica gel column chromatography with ethyl acetate/hexane (1:1 to 4:1) as the eluent to obtain crude 3-PEG2.
Crude 3-PEG2 (204.71 mg, 0.77 mmol) and stearoyl chloride (350.03 mg, 1.16 mmol) were dissolved in 30 mL of dry CH2Cl2 and stirred for 30 min. DMAP (50 µL) and Et3N (50 µL) were added and the mixture was stirred at room temperature overnight. The reaction mixture was washed twice with water and twice with brine. The organic phase was dried over anhydrous Na2SO4, filtered, and evaporated under reduced pressure. The crude compound was purified by silica gel column chromatography using gradient elution with ethyl acetate/hexane (1:5 to 1:1) as the mobile phase. The desired product 4-PEG2 was obtained as a yellow solid (280 mg, 68% yield 190.36, 173.96, 152.72, 132.13, 126.93, 112.66, 72.43, 70.92, 70.67, 69.43, 69.34, 68.26, 63.37, 61.89, 53.04, 40.09, 34.36, 32.07, 29.84, 29.80, 29.76, 29.62, 29.50, 29.43, 29.29, 25.06, 22.83, 14.26 
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2-(4-Formylphenyl)-5,8,11,14-tetraoxa-2-azahexadecan-16-yl stearate (4-PEG4) NaOH (0.5 g, 12.5 mmol), tetraethylene glycol (1.04 mL, 6.0 mmol), 2 (2 g, 6.0 mmol), TBAC (0.08 g, 0.3 mmol) and activated molecular sieves (4 Å, 10 pellets, dia.: 1.6 mm) was added to the dry CH3CN (50 mL). The mixture was then heated to reflux for 24 h. After cooling to the room temperature, the suspension was filtered, and the solvent was removed by evaporation. The residue was purified by flash silica gel column chromatography with ethyl acetate/hexane (1:1 to 2:1) as the eluent to obtain crude 3-PEG4.
Crude 3-PEG4 (652 mg, 1.83 mmol) and stearoyl chloride (556 mg, 1.83 mmol) were dissolved in 30 mL of dry CH2Cl2 and stirred for 30 min DMAP (50 µL) and Et3N (50 µL) were added and the mixture was stirred at room temperature overnight. The reaction mixture was washed twice with water and twice with brine. The organic phase was dried over anhydrous Na2SO4, filtered, and evaporated under reduced pressure. The crude compound was purified by silica gel column chromatography using gradient elution with ethyl acetate/hexane (1:5 to 2:1) as the mobile phase. The desired product 4-PEG4 was obtained as a yellow solid (700 mg, 61% yield). 190.35, 173.99, 153.66, 132.20, 125.46, 111.19, 70.97, 70.81, 70.80, 70.78, 70.73, 70.70, 69.36, 68.57, 63.47, 52.18, 39.37, 34.36, 32.07, 29.84, 29.80, 29.76, 29.62, 29.50, 29.43, 29.29, 25.06, 22.83, 14.27 99, 154.29, 150.56, 144.32, 142.97, 130.96, 123.20, 117.58, 113.72, 70.92, 70.69, 69.42, 68.27, 63.41, 53.20, 47.80, 40.17, 34.37, 32.07, 29.84, 29.81, 29.77, 29.63, 29.51, 29.44, 29.30, 25.08, 22.84, 14.27 99, 154.40, 151.68, 144.01, 143.27, 131.04, 122.73, 122.43, 116.36, 112.08, 70.94, 70.77, 70.71, 70.69, 69.33, 68.64, 63.45, 52.15, 47.80, 39.30, 34.35, 32.05, 29.83, 29.79, 29.75, 29.61, 29.49, 29.42, 29.28, 25.05, 22.82, 14.26 14, 144.11, 128.99, 61.61, 32.04, 31.86, 29.83, 29.78, 29.73, 29.64, 29.48, 29.18, 26.14, 22.81, 22.52, 14.25 
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(E)-1-methyl-4-(4-(methyl(2-(stearoyloxy)ethyl)amino)styryl)pyridinium iodide (SD-C1), (E)-1-butyl-4-(4-(methyl(2-(stearoyloxy)ethyl)amino)styryl)pyridinium (SD-C4), (E)-4-(4-(methyl(2-(stearoyloxy)ethyl)amino)styryl)-1octadecylpyridinium iodide (SD-C18) were synthesized according to the ref. S1.
SD-C1
was obtained as an orange solid. 86, 154.51, 151.52, 143.45, 143.40, 131.02, 123.12, 122.86, 116.68, 112.22, 61.09, 60.68, 50.90, 39.00, 34.33, 33.65, 32.07, 29.85, 29.81, 29.76, 29.61, 29.51, 29.41, 29.27, 24.97, 22.84, 19.64, 14.27, 13.70 173.84, 154.42, 151.32, 143.39, 143.20, 131.00, 123.16, 123.07, 116.86, 112.36, 61.05, 60.81, 50.99, 39.12, 34.32, 32.06, 31.72, 29.84, 29.80, 29.75, 29.65, 29.60, 29.50, 29.40, 29.26, 29.21, 26.27, 24.96, 22.83, 14.26 
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Theoretical calculations
Calculation of relationship between the lipophilicity and lifetime Figure S5 . Kinetic model used to describe the leaching behavior from the nanoparticles.
The partition equilibrium constant could be written as following:
org tail tail aq tail c P c =
(1) Figure S5 shows the kinetic procedure of the leaching behavior. The rate is sufficiently slow that the concentration of the compound in the particle phase remains uniform. The flux J of the compound from a particle into a contacting aqueous phase void of the compound and placed under hydrodynamic control (constant diffusion layer thickness, δaq) described for a one-dimensional system as: 
We recall that flux is related to the number of moles Δntail transported per unit time and unit area, which is related to the concentration and particle radius as follows: 
Theory of the ion-exchange process -relationship between equilibrium constant and calibration curve.
The overall phase transfer equilibrium can be expressed with eq 5 with subscripts (org), (aq) and (sur) designating the organic phase, the aqueous phase and the surface of emulsion particles respectively.
SD org
The equilibrium constant K is expressed by eq 6, while Γ SD + is the molar concentration of the SDs on the surface.
[KL + ] org , [SD + ] org and [L] org are the molar concentrations of the complexed K + ionophore I, SD and K + ionophore I in the organic phase. In eq 6, β KL is the complex formation constant while K K + /SD + is the constant for the ion-exchange of potassium and SD between the surface and inside of the particles. This constant is inversely proportional to the partition coefficient of the SD. Figure S6 . Theoretical simulation of the response of the ion-exchange based ion-selective optode sensor with different equilibrium constants. Curves are plotted with equations derived by ion-exchange equilibrium, charge conservation, and mass conservation.
